The author presents an evaluation of the cost of wildlife rabies in France. This study included the vaccination of domestic animals, the reinforcement of epidemiological surveillance networks and the support provided to diagnostic laboratories, the expenses associated with outbreaks of rabies (animal losses and associated economic losses), the clinical observation of those animals which had bitten humans and the preventive vaccination and post-exposure treatment of humans. A substantial percentage (72%) of this cost was the preventive vaccination of domestic animals. In France, as in other European countries in which the red fox (Vulpes vulpes) is the species most affected, two main strategies for controlling the disease at the reservoir level were evaluated, namely: fox depopulation and the oral vaccination of foxes. The combined costs and benefits of rabies and of both strategies were compared and included either the cost of fox culling or the cost of oral vaccination (baits, bait delivery and follow-up to ensure the efficiency of the vaccination).
Introduction
culling was the only control measure in use. With the high costs of oral vaccination of wildlife, national authorities needed to compare the costs and benefits of both strategies before taking any decision to change the control policy. This paper describes the approach taken and evaluates the robustness of the evaluations that were proposed in 1988 and 1993.
The information, data and references presented are principally based on a study that was initiated in France in 1988 (13) , then established in 1993 (1) . This ex ante analysis is then compared with the actual situation that prevailed in the country over the following years. All costs were originally Methods in French Francs (FF) with a constant value over time, then converted into US$ at the constant rate of US$1 = FF5.2.
The benefits that were expected from the disappearance of wildlife rabies were the elimination of expenses associated with rabies prevention, in addition to the expenses associated with direct losses due to rabies. These parameters are summarised in Table I .
Evaluation of the cost of wildlife rabies
Expenses associated with rabies prevention
Vaccination of domestic animals
Cattle under the direct threat of exposure to rabid foxes have been efficiently protected by vaccination. This vaccination was funded by the breeders and in some cases also financially supported by local authorities. Approximately 40% of the cattle over one year old were vaccinated each year in the contaminated area. The rabies vaccination was combined with vaccination against foot and mouth disease, which was compulsory. This explains the relatively low cost of rabies vaccination for cattle: the mean cost was US$1.35 per animal (i.e. a total of US$2,910,470 for the 2,162,065 cattle vaccinated in 1987). In five départements (departments are administrative units with a mean area of 6,000 km 2 ) the cattle were not vaccinated; instead the breeders subscribed to an insurance policy (a total of US$57,700 was paid by these breeders) which was less expensive than vaccination, and refunded the price of animals that died of rabies. Thus, in 1987, the total cost of the prevention of rabies in cattle was estimated to be US$2,970,000.
In other domestic species (cats, dogs, horses) the number of animals vaccinated each year was not officially recorded. The figure had to be deduced from the number of doses sold by private companies (estimated at 4 million doses). The cost of the vaccine purchased by the owners was included in this evaluation (4,000,000 X US$3.85). However, as the rabies vaccine was administered in conjunction with foot and mouth disease vaccine which was compulsory, the cost of the veterinary consultations has not been included in the calculation.
Culling of foxes
The fox culling operations were conducted by hunters and gamekeepers. A high proportion of the cost of these operations (hours worked, transport, weapons, etc.) was covered by these individuals themselves and was therefore not taken into account. The estimated cost included the following:
-the bounties given by national and local authorities for the proof of the destruction of a fox (the bounty rate ranged from US$10 to US$19 according to the département (total:
US$873,000) -the gas employed for killing the foxes in their dens (chloropicrine) (total: US$297,000).
Reinforcement of local veterinary administrations
To help tackle rabies (by provision of appropriate manpower and equipment) the local veterinary administrations received US$86, 150 from the central government. It is assumed here that this amount was equally distributed between three activities: collection and transport of samples for rabies diagnosis, fox culling and information dissemination. Added to the expenses incurred for the collecting of suspected animals (diagnosis), is the postal charge for the transport of samples to the laboratories in charge of the rabies diagnosis (US$50,200). 
Diagnosis of rabies in suspected animals
A grant of US$1,289,000 was given to the laboratories in charge of rabies diagnosis.
Clinical observations of animals that had bitten humans
The observation of animals that had bitten humans was undertaken by private veterinarians and these expenses were covered by the owners of the animals (US$1,060,000).
Treatment of humans
This category of expenses included the post-exposure immunisation of humans exposed to animals suspected of being infected with rabies (US$1,635,000), the surgical treatment of wounds, tetanus prevention (US$481,000), and also an estimation of the loss of working days by those under treatment (US$962,000). In addition, the value of pre-exposure treatments of humans was US$77,000.
Expenses associated with rabies outbreaks

Human losses
Luckily, due to the efficient prevention of rabies, no human loss due to fox rabies has ever been recorded in France. Thus, the difficult question of assessing the economic value of human death was avoided. In the context of dog rabies, Fishbein et al. (9) evaluated this cost by calculating the potential lifetime earnings of those who died from rabies. This would be expected to vary with the age and economic status of patients.
Loss of livestock and domestic animals
As regards domestic animals and livestock, losses were only evaluated for cattle. This included the value of the cattle killed by rabies (US$1,540 per animal) and the cost of the three-month embargo imposed on the affected farms (US$770 per outbreak per farm). The latter cost was evaluated based on a dairy farm, although the figure could have been higher for other production systems, such as selected breeding farms.
Reduced tourism
Wildlife rabies is a cause of concern which is generally over-estimated by the public living in rabies-free countries. It is difficult to evaluate to what extent this affects tourism and income from tourism in an infected country. It seems likely that many people might choose domestic tourism opportunities rather than face the prospect of quarantine for their pets on return from a rabies endemic country.
Evaluation of the efficiency of wildlife depopulation
Rabies control made use of all the available methodstrapping, shooting (by day or by night), gassing dens and poisoning. These were performed by trappers, hunters, landowners and farmers, either with or without the direct support of the authorities, by bounties or payment of professional teams. Extended bibliographies on the subject can be found in Lewis (12), Debbie (7) and Aubert (2).
Well-documented historical examples of such campaigns are scarce. The Dijon epidemic in foxes may therefore be interpreted as a direct consequence of the outbreaks in dogs. It can be assumed that the dog virus strain, although highly invasive in the fox population, was not sufficiently adapted to the fox to maintain itself in this host. However, the virus persisted in the dog populations in the same areas.
Reports of the rabies epidemic in Corsica in 1945 and 1946 also claim success for fox depopulation. This rabies outbreak was probably associated with the landing of troops from north Africa (11) . Fox rabies was eventually eliminated, however, it is not possible to conclude whether this was a consequence of the fox culling campaigns or a consequence of high mortality due to rabies itself that deprived the disease of hosts. In this case, as in Dijon, the rabies virus originated in dogs and was not maintained in the fox population.
A general feature of such older reports is that although many accurate accounts are provided, comparative data on the density of wild carnivores before and after the period of control are not supplied.
In the province of Alberta in Canada, the outbreak of fox (Fig. 1) . Because of the natural rate of turnover, the fox population is essentially an annual crop (6).
Wherever the bounty system was used, problems were encountered; in France, a proportion of foxes were falsely claimed to have been killed in areas under control, and in
North America, where trapping is traditional, bounties encouraged the stealing of animals from traps (7).
In a mathematical simulation of a spatial model of fox rabies, Convincing evidence that the depopulation of foxes constitutes a sustainable control method for rabies has never been produced, but the evidence suggests that oral vaccination of foxes does provide sustainable control (Fig. 2) .
Moreover, according to Aubert et al. (3) , such oral vaccination is efficient even when the fox population increases (Fig. 3) .
o Cases of rabies in foxes -Bounties per 1,000 km 2 Cost-benefit analysis of wildlife vaccination
The cost of vaccination campaigns included the following:
-the cost of baits -the cost of bait delivery by helicopter (baits containing rabies vaccine were distributed by helicopter over areas inhabited by foxes (Fig. 4) -the cost of surveillance systems; components of this include bait quality testing in the laboratory and in the field (i.e. titration of the vaccine virus and checking of the thermostability of the bait coating); evaluation of bait uptake;
surveillance of rabies incidence and of the human risk associated with vaccination campaigns. These expenses were proportional to the size of the vaccinated area and were US$17, US$9 and US$2 per km 2 respectively.
Combination of costs and benefits
When combining the costs and benefits, the parameters related to the size of the infected area were distinguished from those related to the size of the vaccinated area and the number of campaigns, as explained below. Most of the yearly expenses in relation to rabies outbreaks were extrapolated from the year 1987, and it was assumed that these expenses were correlated with the size of the infected area. When the infected area varied in size, the corresponding expenses were directly adjusted to take this into account.
The vaccination of foxes began in 1986. The cost of this strategy has therefore been cumulated since this year and is rather limited compared with the decrease in the infected area that was obtained during the same interval. The area covered 133,000 km 2 in 1990, and was evaluated to be less than 4,000 km 2 in 1998, which constituted a 97% decrease.
As illustrated in Figure 5 , the ex post analysis did not produce a significantly different evaluation of the merits of the wildlife vaccination scenario. As a result, the global conclusion of the initial work remains in the favour of this scenario: since 1994, the wildlife vaccination scenario has been cost beneficial compared with the traditional fox culling scenario.
Discussion
The major part (72%) of the cost of rabies in France in 1987
was constituted by preventive vaccination of domestic animals ( Fig. 6 ).
It has been demonstrated that the vaccination of cattle was efficient but was not cost beneficial (8) It must be stressed that this cost-benefit analysis was performed with a deliberately optimistic view of the incidence of the disease without fox vaccination. It was stated that the size of the contaminated area would not increase. This 
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